Abstract: Stress tolerance in plants is a coordinated action of multiple stress response genes that also cross talk with other components of the stress signal transduction pathways. The expression and regulation of stress-induced genes are largely regulated by specific transcription factors, families of which have been reported in several plant species, such as Arabidopsis, rice and Populus. In sorghum, the majority of such factors remain unexplored. We used 2DE refined with MALDI-TOF techniques to analyze drought stress-induced proteins in sorghum. A total of 176 transcription factors from the MYB, AUX_ARF, bZIP, AP2 and WRKY families of drought-induced proteins were identified. We developed a method based on semantic similarity of gene ontology terms (GO terms) to identify the transcription factors. A threshold value (≥ 90%) was applied to retrieve total 1,493 transcription factors with high semantic similarity from selected plant species. It could be concluded that the identified transcription factors regulate their target proteins with endogenous signals and environmental cues, such as light, temperature and drought stress. The regulatory network and cis-acting elements of the identified transcription factors in distinct families are involved in responsiveness to auxin, abscisic acid, defense, stress and light. These responses may be highly important in the modulation of plant growth and development.
INTRODUCTION
Environmental stresses such as drought and salinity are major causes of crop loss worldwide [1] . It has been estimated that approximately 80% of sorghum production in the world occurs in dry land conditions [2] . To cope with these abiotic stresses, numerous defense response genes are transcriptionally activated, eventually leading to physiological and metabolic changes that increase the chance of plant survival [3] . Stress tolerance in plants is a coordinated action of multiple stress-induced genes that cross talk with other components of the stress signal transduction pathways [1] . The expression and regulation of stress-induced genes are largely controlled by specific transcription factors [4] . Transcription factors are important regulators of gene transcription that generally consist of at least two domains, such as the DNA-binding and activation/repression domains [5] . The transcription factors often function in networks, in which a regulatory protein controls the expression of another protein. Transcription factors are often expressed in tissue-and developmental stage-specific and stimulus-dependent pathways [6] . Several studies have demonstrated that a single transcription factor may function in several stress signaling pathways [7] . The transcription factors regulate the expression of their target genes by physically binding to the promoter regions. The binding site and common pattern (motif) of each transcription factor naturally share similarity with each other [8] . The transcription factors interact with cis-acting elements present in the promoter region of various stress-induced genes and activate cascades or networks of genes that act together to enhance tolerance towards multiple stresses simultaneously [9] . This property of transcription factors makes them an attractive category of genes for the manipulation of abiotic stress tolerance. Thus, stress responsive transcription factors are highly important for genetic engineering, which may lead to upregulation or downregulation of a whole array of genes under their control. Several transcription factors are involved in plant stress tolerance, regulating plant responses to different stresses [9] . Most of the stress-related transcription factors are grouped into several large families, such as AP2/ERF, bZIP, NAC, MYB, MYC, Cys2His2 zinc finger and WRKY [10] . Various transcription factors, such as DREB2, AREB1, RD22BP1 and MYC/MYB, are known to regulate ABA-responsive gene expression via interaction with their corresponding cis-acting elements, such as DRE/CRT, ABRE and MYCRS/MYBRS [1] . Understanding these mechanisms is important to improve the stress tolerance of crop plants.
Computational identification and annotation of transcription factors at the genomic scale are the first steps to understanding the mechanism of gene expression and regulation [11] . Using microarray data enables researchers to identify genes that have similar expression profiles and that may be involved in similar biological processes [12] . Analyzing the promoters of such genes may identify common cis-elements that are responsible for their co-expression [13] . System biology approaches facilitate the identification of regulatory hubs in complex networks [14] , where the interaction of proteins determines the outcome of most cellular processes. The protein interaction network during stress tolerance was recently elucidated at the transcript level in Arabidopsis thaliana and Oryza sativa [15] . The gene network in sorghum that is responsive to water-limiting environments has also been reported on [16] . Sorghum bicolor is one of the most tolerant grass species to abiotic stresses, including drought, salt and heat stress. The recently completed genome sequence for sorghum [17] and other online resources provide a unique opportunity to obtain genes and gene networks [16] . The availability of the complete genome sequence has facilitated access to essential information for genes, proteins and their function, transcript level, putative cis-regulatory elements and alternative splicing patterns [18] . Although the number of sequenced genomes continues to grow, the functional annotation of whole genomes remains unreliable. However, several attempts have been made to annotate the function of genes. Various computational approaches to identify proteins are available, such as sequence similarity [19] , phylogenetic profiles [20] , protein-protein interaction (PPI) [21] and gene expression [22] . Sequence similarity-based approaches are widely used for function prediction, but they are often insufficient if the similarity is not statistically sound [23] . GO term semantic similarity provides a functional relationship between biological process (BP), molecular function (MF) and cellular component (CC). The semantic similarity between two genes is usually calculated on the basis of their GO term similarity [24] . The GO terms in the Gene Ontology database are organized as directed acyclic graphs (DAG) in those three aspects of ontologies (BP, MF, CC) [25] . Several methods exist to determine semantic similarity [26, 27] . Semantic similarities of GO terms have been used to identify clusters and functional annotation of genes and proteins [28] . We also recently reported on GO term semantic similarity-based methods to predict the function of proteins [29] [30] [31] . In this paper, we report on a more dedicated method to identify the transcription factors of drought-induced proteins. The method is based on the concept that highly semantically similar proteins are involved in same pathway. These highly semantically similar transcription factors are involved in the pathway to regulate abiotic stress responsive proteins in sorghum.
MATERIALS AND METHODS

Plant material and growth conditions
Seeds of Sorghum bicolor (L.) genotype csv-17 were obtained from MPUAT. The seeds were washed twice with tap water and then with distilled water. Subsequently, the seeds were sterilized with 0.1% HgCl 2 (Merck Ltd.) for 10 min and washed again thoroughly with distilled water. These sterilized seeds were grown hydroponically in plastic containers with 2 l distilled water in Hoagland's solution and maintained in a culture chamber as described previously [32] .
Drought stress condition
After 7 days of germination, the germinated seeds were subjected to drought stress (no water supply) and their leaves were harvested after 24, 48 and 96 h. Hydroponic assemblies for control and stress were used for further analysis. Leaves from 10 to 15 seedlings from each assembly were pooled for the extraction of proteins.
Protein extraction and determination
The proteins were extracted from plant samples as per the method reported in [33] . Fresh leaves from control and stressed plants were ground to fine powder in liquid nitrogen using a mortar and pestle. About 1 g (1 part) of the powder was mixed with 10 ml (10 parts) of precipitation solution containing 10% TCA (w/v), 0.07% 2-mercaptoethanol (w/v) in 20 ml acetone (Sigma-Aldrich). The suspension was incubated at −20ºC for 60 min with intermittent mixing (every 10 min) using a cyclomixer (Bangalore Genie). The precipitated material was collected by centrifugation (25,000 × g, 4ºC, 15 min). The pellet was washed twice with a washing solution containing 20 ml acetone and 14 μl 2-mercaptoethanol, and the precipitate was air dried for 20 min. The pellet was stored at −80ºC until further use. Proteins were dissolved from the dried precipitate into lysis-buffer (8 M urea, 2% CHAPS; Sigma-Aldrich) by repeated pipetting. Insoluble material was removed by centrifugation (20,000 × g, 20ºC, 20 min) and the supernatant was clarified by passing through a 0.22 μm syringe filter (Millipore). Protease activity was kept low by maintaining the cell material at 4ºC during centrifugation and adding protease inhibitor (protease inhibitor cocktail, SigmaAldrich) to the lysis buffer. The total protein concentration was determined using a Quick Start Bradford Protein Assay kit (Bio-Rad) according to the manufacturer's instructions. The protein concentration was determined according to [34] using bovine serum albumin (BSA; Sigma-Aldrich) as standard.
2D gel electrophoresis
Proteins samples were purified using a 2D-cleanup kit (Bio-Rad) and the protein pellet was finally re-suspended in sample rehydration buffer consisting of 8 M urea, 2% CHAPS, 15 mM DTT and 0.5% IPG buffer (pH 4-7; Sigma-Aldrich). The isoelectric focusing was performed using IPG strips (Bio-Rad). IPG strips with a pH range from 4 to 7 were used to determine the distribution of differentially expressed spots. For the first dimension 250 and 500 μg of protein samples in 150 and 300 μl of rehydration solution were used to rehydrate IPG strips 7 cm respectively. The IPG strips were rehydrated over night and then the proteins were focused for 10,000 Vh at 20ºC under mineral oil. After focusing, the strips were incubated for 10 min in 1ml (for 7 cm strip) of equilibration buffer I, consisting of 6 M urea, 30% glycerol, 2% SDS, 1% DTT, 50 mM Tris-HCl buffer (pH 8.8) followed by equilibration buffer II, consisting of 6 M urea, 30% glycerol, 2% SDS and 4% iodo-acetamide in 50 mM Tris/HCl buffer (pH 8.8). After equilibration steps, the strips were transferred to 12% SDS-PAGE for the second dimension using a previously described method [35] . Protein spots were visualized by staining with coomassie brilliant blue G-250. Gel images were captured using a GS800 densitometer (Bio-Rad). The relative abundance of the spots and the differential protein expression were determined using PD Quest software (Bio-Rad).
Protein spot identification using MALDI-TOF
The drought-induced protein spots were excised using thin-walled PCR tubes (200 μl) cut at the bottom with the help of a new surgical scalpel blade. The gel spots were washed with proteomic grade de-ionized water and the proteins were identified using a MALDI-TOF mass spectrometer (Ultraflex III, Bruker Daltonics). The gel pieces containing proteins were de-stained and trypsin digested using the Montage In-Gel Digest Kit (Millipore). For MALDI-TOF, 1 μl of the digest was mixed with 2 μl of the matrix solution (5 mg alpha-cyano-4-hydroxycinnamic acid, 80% acetonitrile, 0.1% trifluoroacetic acid; SigmaAldrich) and 1 μl of this mixture was deposited onto the MALDI target. The spectrum was obtained in the mass range of 500-4000 Da and calibrated using a calibration mixture consisting of angiotensin I, substance P, ACTH (1-17), ACTH and somatostatin (28) . The expressed proteins were analyzed using a mascot sequence-matching server (http://www.matrixscience.com) using Matrix Science Database (MSDB) in the taxonomy group of green plants. All of the expressed proteins were identified from closely related homolog proteins in Oryza sativa. While performing the mascot, the search parameters included a maximum of one missed cleavage by trypsin, fixed modification of oxidation, charged state of +1, peptide mass tolerance of 50 ppm, and fragment mass tolerance of ± 1.0 Da.
Bioinformatics analysis
Protein retrieval and analysis
The transcription factors of each of the expressed proteins were identified using the Stress Responsive Transcription Factor Database (STIFDBV2.0; http://caps.ncbs.res.in/stifdb/help.html#intro) [36] with closely related A. thaliana. The families, transcript and protein sequence of the transcription factors were noted at plant transcription factors database (plnTFDB) version 3.0 (http://plntfdb.bio.uni-potsdam.de/v3.0/) [37] . A total of 176 transcription factors were manually identified using the PSI-BLAST database (http://www.ebi.ac.uk/Tools/sss/psiblast/) [38] . Manually, we searched new transcription factors for identified families, namely MYB, AUX_ARF, bZIP, AP2 and WRKY, and removed duplicates if they had been reported previously at the plnTFDB database. To find similar sequence proteins using PSI-BLAST, we applied the following parameters: protein database-Uniprot; E-value-1.0e -3; metrix-blosum62; gap opening-11; gap extend-1; scores and alignments-1000; dropoff-15 default; final dropoff-25 default; and alignment view-pairwise with active filter. GO terms and families were identified using the UniProt database (http://www.uniprot.org/) [39] , which is cross-linked with other databases, such as Gene Ontology [24] and Pfam [40] . The cis regulatory elements and motifs in the transcription factors were noted using the PlantCare database (http://bioinformatics.psb.ugent.be/webtools/plantcare/html/) [41] . The orthologous groups for distinct families of transcription factors in sorghum were identified using blast at InParanoid7 (http://inparanoid.sbc.su.se/cgi-bin/index.cgi) [42] . While finding orthologous groups, we applied the following parameters: maximum number of hits to show-50, E-value cutoff-0.01 and Score cutoff-50. The gene regulatory network information was retrieved from the Arabidopsis thaliana Transcription Factor Database (AtTFDB; http://arabidopsis.med.ohiostate.edu/AtTFDB/) and A. thaliana cis-Regulatory Databases (ATcisDB; http://arabidopsis.med.ohio-state.edu/AtcisDB/) of the Arabidopsis Gene Regulatory Information Server (AGRIS; http://arabidopsis.med.ohio-state.edu/) [43] . The visual access to regulatory networks was via the Grassius Regulatory Grid eXplorer (GRG-X; http://arabidopsis.med.ohio-state.edu/grgx/) at the AGRIS database. The gene ontology and domain information of similar sequence proteins was retrieved using the Arabidopsis Information Resource (TAIR) Database [44] , which is cross-linked with several databases, such as AGRIS, InterPro (http://www.ebi.ac.uk/interpro/) [45] and InParanoid [41] .
Semantic similarity conception
A method was developed to calculate GO term semantic similarity in transcription factors from S. bicolor, O. sativa indica, O. sativa japonica and A. thaliana (Fig. 1) . The G-SESAME tool (http://bioinformatics.clemson.edu/G-SESAME/) with Wang's method [27] was used to calculate semantic similarities of GO terms. Semantic similarity analysis was performed individually with three GO terms (BP, MF, CC). Several methods, including Resnik's [26] , Wang's [27] and Jiang-Conrath's [46] , are used to calculate semantic similarity. Previously, it was reported that highly (≥ 90%) semantically similar proteins in the distinct families of major facilitator superfamily (MFS) and glycoside hydrolase (GH) in sorghum had complex interactions [30, 31] . Kinase-protein interactions in rice also show high (> 70%) semantic similarity [47] . Clustering allowed researchers to identify protein complexes, detect functional modules and predict protein functions [28] . Hence, semantic similarity conception attempted to identify clusters and the functional annotation of transcription factors in sorghum. The equation summed GO term semantic similarity in three ontologies: MF, BP and CC. The sum of the semantic similarity value was divided by total obtained for the GO terms. The algorithm is given as:
where ∑ SS MF, ∑ SS BP and ∑ SS CC are the total scores of semantic similarity divided by the total obtained GO terms (T T ) for MF, BP and CC. T SS is the output of the summed semantic similarity. Then the equation calculates the total average similarity (AV SS ) of the summed semantic similarity (T SS ) score that is divided by the obtained ontology (GO):
The calculated average similarity (AV SS ) value was used to compare with the threshold value. If the AV SS is greater than or equal to the threshold value (90%), the total positive score (TP score ) will be 1. If the AV SS is less than or equal to the threshold value (90%), the total positive score (TP score ) will be 0. An output value of 1 was considered as a true positive and 0 was a false positive.
Th value is the threshold value. A threshold value of 90% was set as it has been validated earlier that ≥ 80 and ≥ 90% semantic similarities of GO terms have more probability to have same functional property [48] . 
RESULTS
Drought stress protein identification
Drought leads to reduced growth of leaves and increased chlorosis in comparison with the control (Fig. 2) . Eight drought-inducible proteins were identified using MALDI-TOF/MS in sorghum seedlings (Fig. 3) . The protein profiling of 2DE for the germinated seeds under drought conditions were analyzed and compared to those for the control S. bicolor. In response to drought stress, sorghum plants showed differences in traits such as reduced root length and leaf area (Fig. 2) . Several differentially drought-induced protein spots were expressed. The identified eight proteins and their molecular weights are as follows ( 
Transcription factor retrieval and analysis
In this study, all 176 transcription factors of different families in sorghum were identified as putative uncharacterized (Suppl. (78) in the WRKY family. A total of 1,493 positive transcription factors were obtained at the ≥ 90% threshold value. Therefore, the threshold value (≥ 90%) in the proposed algorithms (methodology section) was applied to obtain highly semantically similar transcription factors. The PlantCare tool was used to identify cis elements and motifs of retrieved transcription factors using different reference plant species, such as A. thaliana, Zea mays and Populus trichocarpa. The majority of the transcription factors have same motifs that are involved in important pathways of plant development. For example, CAAT-box is a common cis-acting element in promoter and enhancer regions. It was found in all transcription factor families. The G-box, LAMP-element, MNF1 and ACE motifs were involved in the cis-acting element in light responsiveness (Suppl. Table 2 in Supplementary material at http://dx.doi.org/10.2478/s11658-014-0223-3). Several other motifs with important functions were also identified in the majority of the clusters, e.g. the AuxRR-core involved in auxin responsiveness, C-repeat/DRE involved in cold and dehydration responsiveness, LTR involved in low temperature responsiveness, ABRE involved in abscisic acid responsiveness, RY-element involved in seedspecific regulation, MBS involved in drought inducibility, TC-rich repeats involved in defense and stress responsiveness, and HSE involved in heat stress responsiveness (Suppl. Table 2 ). The A-box motif, which was identified in all of the transcription factors, is a cis-acting regulatory element associated with P-box and L-box. It is involved in induced transcriptional activity. A-box in different families of transcription factors was found in the promoter regions. Transcription factor clusters A total of 176 drought responsive putative uncharacterized transcription factors were identified from different families, such as MYB, AUX_ARF, bZIP, AP2 and WRKY (Suppl. Table 1 ). The identified transcription factors were classified in five different clusters based on their families, and each classified cluster enclosed highly (≥ 90%) semantically similar proteins. Clusters contained groups of highly semantically similar proteins that have same functional properties: family, GO terms, etc. The gene ontology of the newly identified 176 putative uncharacterized transcription factors in sorghum was mapped (Table 2 ). These transcription factors from each cluster were assigned to find their similar transcription factors from reference plant species, namely A. thaliana, O. sativa indica and O. sativa japonica. The obtained transcription factors were classified in five different clusters based on their family group. The developed algorithms (methodology section) suggested positive scores (≥ 90%) by the calculation of semantic similarity. Therefore, the transcription factors in the MYB and bZIP families were highly (100%) semantically similar in all three aspects of gene ontology: BP, MF and CC. The family members of ARF, AUF/IAA and AP2 showed 90-100%, 80-100% and 100% semantic similarity in their molecular function, biological process and cellular component respectively with their reference plants. 
Transcription factor regulatory network and gene ontology
We found that the distribution of the semantic similarities between the identified transcription factors of sorghum in distinct clusters showed high (100%) functional or semantic similarity when we compared BP, MF and CC. Thus, these highly semantically similar transcription factors in distinct clusters may constitute highly interacted members. In this investigation, we noted that highly semantically similar proteins (in terms of GO terms) are involved in the same functions. However, several transcription factors have similar functional properties but do not interact. Thus, the proposed method considered the total average of the highly semantically similar true positive score (≥ 90%) and removed false positives (< 90%). The orthologous groups in Arabidopsis, rice and sorghum for distinct clusters showed the same functional properties that were identified by the InParanoid7 server. A total of 20 orthologs were retrieved from Arabidopsis and were analyzed for their gene ontology functional property. The genes of Arabidopsis were further utilized to find the regulatory network for distinct clusters of transcription factors in sorghum. The regulatory network of the MYB family group of transcription factors were MYB, AGL1, LFY, GL2, HY5, SEPALLATA3, CAPRICE, WERWOLF, PIF4, bHLH15, AG, etc. The regulatory networks of the AUX_ARF family group of transcription factors were AP2, AGL15, bHLH15, LFY, PIF4, SEPALLATA3, ARF10, AGL15, etc. The regulatory network of the other family groups of transcription factors are shown in Table 3 . Thus, it is clear that the distinct groups of transcription factors in different networks show the same gene ontology functional property as cellular component and molecular function. The transcription factors in clusters 1, 2, 3, 4 and 5 with their members in the regulatory network were located in the nucleus. Their molecular functions were DNA binding, chromatin binding, and sequencespecific DNA-binding transcription factor activity. In terms of biological processes, the regulatory network family members of MYB were AGL15 and LFY. They were involved in embryo development, seed dormancy, fruit abscission and dehiscence, gibberellin catabolic process, somatic embryogenesis, etc. GL2 was involved in epidermal cell fate specification, tissue development and regulation of transcription. HY5 was involved in calciummediated signaling, the gibberellic acid-mediated signaling pathway, mRNA export from the nucleus, positive regulation of cell proliferation, red or far-red light signaling pathway, regulation of flower development, regulation of photomorphogenesis, regulation of transcription, DNA-dependent, response to UV-B, response to abscisic acid stimulus, response to far red light, response to karrikin, response to red light, etc. SEPALLATA was mainly involved in carpel development, ovule development and specification of floral organ identity. WERWOLF was involved in cell fate specification, epidermal cell differentiation and root hair cell differentiation. The regulatory network family members AB15 and AGL15 of bZIP were involved in the abscisic acid-mediated signaling pathway, embryo development ending in seed dormancy, the gibberellic acid-mediated signaling pathway, protein ubiquitination, regulation of flower development, regulation of transcription, response to abscisic acid stimulus, response to chitin, response to freezing, response to water deprivation, seed development, germination, the sugar-mediated signaling pathway, etc. AP2 and its regulatory network family members were involved in cell differentiation, flower development, ovule and tissue development, regulation of transcription, DNA-dependent seed development, sexual reproduction and specification of floral organ identity. The regulatory network family member GL of WRKY was involved in defense response to bacterium, negative regulation of transcription and DNA-dependent response to gibberellins stimulus. AUX_ARF and its regulatory network members were involved in response to hormone stimulus, regulation of transcription, DNA-dependent transcription, DNA-dependent response to auxin stimulus, response to cyclopentenone, response to ethylene stimulus, etc. We can therefore conclude that the proposed method confirmed that a group of highly semantically similar transcription factors in different families are regulated in the same pathway.
DISCUSSION
Drought stress causes several changes in plants, such as stomatal closure and decrease of turgor, which may act as signals to trigger the adaptation response [50, 51] . This stress includes several regulatory mechanisms that activate the expression of tolerance effector genes [50] . However, little is known about the mechanisms for sensing the changes of drought stress in sorghum. Here, we identified drought-responsive transcription factors of various families, such as MYB, AUX_ARF, bZIP, AP2/ethylene-responsive element binding proteins (EREBP) and WRKY, in sorghum. It was previously reported that some transcription factors are expressed through abscisic acid pathways while others have independent expression to abscisic acid hormone [52] . Most ABA-inducible genes, such as rd22, contain a conserved cis-acting element like ABA-response elements (ABREs) in their promoter regions and are regulated by transcription factors such as bZIP, MYB and MYC [53] . In this investigation, ABREs (ACGTGGC) in AUX_ARF, AP2/EREBP and WRKY (clusters 2, 4 and 5) were noted in their promoter region. Dehydration responsive element-binding factors and DREB transcription factors are members of the AP2/ERF family, which consists of many important regulatory and stress-responding genes [54] . Transcription factors in the AP2/EREBP family (cluster 4) have been shown to regulate developmental processes and the response of plants to various types of biotic and environmental stress. Transcription factors in the AP2/EREBP family play important roles in the plant response and adaptation to abiotic stresses [55] . DREB proteins interact with DRE/CRT by their AP2 DNA-binding domain, thus mediating downstream gene expressed in the stress-responsive pathway [56] . In several studies, it has been reported that abscisic acid (ABA) is a major physiological signal that induces drought responses [57, 58] . ABA-dependent signalling systems activate bZIP, which mediates adaptation to drought, binding to ABREs and inducing their transcription [57] . Another ABA-dependent pathway requires protein biosynthesis of MYB transcription factors, which function to regulate the expression of target genes [59] . Among these genes, transcription factors play essential roles in stress responses by regulating their target genes through binding to the cognate cis-acting elements [60] . We identified several stress-responsive elements that were involved in drought inducibility: ABRE (ACGTGGC), anaerobic induction elements (AREs; TGGTTT) and the MYB-binding site (MBS; CAACTG); heat stress-responsive elements (HSEs; AAAAAATTTC); low temperature-responsive elements (LTRs; CCGAAA) and stress-responsive elements like TC-rich repeats (ATTTTCTTCA); etc. (Suppl. Table 2) . A-box (CCGTCC) and CAAT-box, noted in all transcription factors families (clusters 1, 2, 3, 4 and 5) are common cis-acting elements in promoter and enhancer regions. CAAT-box has been reported to be responsible for the tissue-specific promoter activity of the pea legumin gene (LegA) [61] . It has also been reported the CAAT and TATA boxes confer enhanced low temperature response in a barley shoot [62] . The G-box and I-box in the MYB, AUX_ARF, AP2/EREBP and WRKY families (clusters 1, 2, 4 and 5), and LAMP (CCTTATCCA) element in AP2/EREBP and WRKY (clusters 4 and 5) were involved in light-regulated expression [63] . The G-box element is essential for CMA5 responsiveness to light and chloroplast-derived signals [64] . Transcription factors in the MYB family are involved in plant development, secondary metabolism, hormone signal transduction, disease resistance and abiotic stress tolerance [65] . It has been reported that several R2R3-MYB genes are involved in regulating responses to environmental stresses such as drought, salt and cold [66] . In Arabidopsis, an R2R3-type MYB transcription factor (AtMYB96) regulates drought stress response by integrating ABA and auxin signals [67] . The present study isolated a novel R2R3-type MYB gene (OsMYB2) that greatly conferred tolerance of rice to salt, cold and dehydration stress [66] . Arabidopsis thaliana transgenic plants overexpressing OsMYB3R-2 showed increased tolerance to cold, drought and salt stress and the seed germination of transgenic plants was more tolerant to abscisic acid or NaCl than that of wild type [68] . GATA-motif (AAGGATAAGG) in the AUX_ARF, bZIP, AP2/EREBP and WRKY families (clusters 2, 3, 4 and 5) was noted for responsiveness to highlevel, light-regulated and tissue-specific gene expression. GATA transcription factors are a group of DNA-binding proteins distinguished by a zinc finger motif, which have been implicated in light and nitrate-dependent transcription control [69] . GARE motif (AAACAGA) in AUX_ARF and WRKY families (clusters 2 and 5) cis-acting element and P-box (CCTTTTG) in basic leucine zipper (bZIP; cluster 3) is involved in gibberellin-responsiveness. The gibberellin (GA) pathway is regulated by endogenous signals and environmental cues such as light, temperature and salt stress [70] . Phytohormones abscisic acid (ABA) and GAs are well known to be involved in germination control [71] . AuxRR-core (GGTCCAT) in bZIP and WRKY family (clusters 3 and 6) promoter elements are bound and activated by plant-specific transcription factors, which are called auxin response factors (ARFs) [72] . At the molecular level, most plant growth and development processes, such as apical dominance, tropic responses, lateral root formation, vascular differentiation and embryo patterning, are controlled by the auxin response genes [73] . The transcription factors in Aux_ARF family are key regulators of auxin-modified gene expression. Auxin regulates diverse cellular and developmental responses in plants, including cell division, expansion, differentiation and patterning of embryo responses [74] . Auxins may regulate the gene expression of several families, including glycoside hydrolysis 3, SAUR and Aux/IAA [75] . The basic leucine zipper (bZIP) regulates diverse functions, such as plant development and stress response. In a previous study, a bZIP transcription factor gene (ZmbZIP72) expressed differentially in maize and was induced by abscisic acid, high salinity and drought [76] . PtrABF is reported as a bZIP transcription factor that functions in positive modulation of drought stress tolerance [77] . The dehydration-responsive element C-repeat/DRE (TGGCCGAC) in AP2/EREBP and WRKY family (clusters 4 and 5) cis-acting element is involved in osmotic and cold stress inducible gene expression [52] . The noted TC-rich repeats (ATTTTCTTCA) in WRKY (cluster 5) and W1-box motif (TTGACC) in AUX_ARF, bZIP and WRKY families (clusters 2, 3 and 5) were tightly related to disease response motifs. Previously, analyzes have revealed that TC-rich repeats and W1-box motifs were related to disease response in Populus [78] . TC-rich repeats in the promoter of AaERF1 were described in tobacco as cis-acting elements, which were involved in defense and stress responsiveness [79] . Several WRKY transcription factors have been shown to be involved in plant drought and salinity stress responses [80] . In Arabidopsis, the transcripts of two closely related WRKY transcription factors (AtWRKY25 and AtWRKY33) are increased by ABA, drought and salinity treatment [7] . The RY element (CATGCATG) in WRKY (cluster 5) plays a key role in seed-specific gene regulation in coordination with other cis-acting elements [81] . It was previously identified that three conserved motifs, two RY-like and one ACGT-like in Brassicaceae and Fabaceae, are involved in seed-specific cis-regulatory elements [82] .
CONCLUSION
In this paper, we reported on a highly dedicated method to identify transcription factors of drought-induced proteins in sorghum. The method is based on the concept that highly GO semantically similar proteins may be involved in the same pathways. We used 2DE refined with MALDI-TOF to analyze the drought stress response proteins in sorghum. We identified 176 putative uncharacterized transcription factors for these proteins, which belong to the MYB, AUX_ARF, bZIP, AP2 and WRKY families. The members of these families regulate their target proteins based on endogenous signals and environmental cues, such as light, temperature and drought stresses. The regulatory network and cis-acting elements of identified transcription factors in distinct families are involved in auxin, abscisic acid, defense, stress and light responsiveness, and this may be highly important in the modulation of plant growth and development.
